Abstract-Certain art forms, such as Patrick Hughes's 'reverspectives', Dick Termes's 'Termespheres', intaglios, and hollow masks, appear to move vividly as viewers move in front of them, even though they are stationary. This illusory motion is accompanied by a perceived reversal of depth, where physical convex and concave surfaces are falsely seen as concave and convex, respectively. A geometric explanation is presented that considers this illusory motion as a result of the perceived depth reversal. The main argument is that the visual system constructs a three-dimensional representation of the surfaces, and that this representation is one of the sources that contribute to the illusory motion, together with vestibular signals of self-motion and signals of eye movements. This explanation is extended to stereograms that are also known to appear to move as viewers move in front of them. A quantitative model can be developed around this geometric explanation to examine the extent to which the visual system tolerates large distortions in size and shape and still maintains the illusion.
INTRODUCTION
How do humans maintain the impression of a stable environment as they move around? The question may appear trivial, until one begins to consider the drastic deformations that retinal images undergo as we move about in the environment (selfmotion, or egomotion). For the non-specialists who still fail to see the importance of this issue for perception, one can offer a powerful challenge: namely, some classes of striking art pieces that appear to move vividly as observers view them under egomotion, even though the stimuli are rigid and stationary. As a consequence, when these stimuli rotate, they appear to rotate in the direction opposite to that of their actual direction of rotation. Early examples of such stimuli are Mach's book (Jernigan and Eden, 1976; Papathomas, 1999) , a rectangular card folded in the middle (to form a dihedral angle) that can reverse its depth, and Ames's window (Ittelson, 1952) . I will use the term 'pseudomoving' to group all the stimuli that share the above properties. When skeptics experience the illusory motion of these static stimuli, they immediately appreciate why it is important to examine how humans perceive the stationarity of static objects. In fact, understanding the reasons why these stimuli appear to move helps explain our ability to extract stationarity of non-moving objects.
Classes of art pieces and stimuli that elicit illusory depth and motion
The stimuli presented below share three common properties: First, the percept of depth they elicit can be different than the physical depth. Second, they can appear to move when a viewer moves in front of them as he/she views them. Third, if they are rotated in front of a stationary viewer, they can appear to rotate in the opposite direction. One potential explanation for the illusory motion, based on the illusory depth, is presented after a brief description of the stimuli.
Reverspectives. One class of such art pieces, commonly referred to as 'reverspectives', has been invented by London-based artist Patrick Hughes in the 1960s (Hughes, 2006; Slyce, 1998; Wade and Hughes, 1999) . These works of art are painted on piecewise planar three-dimensional (3-D) surfaces. They are composed of solid volumes that are smaller at the front (closer to the observer) than the back (away from the observer). Figure 1a shows the front view of his piece 'All Roads Lead to Infinity, 1996'. The piece of Fig. 1a is composed of four slightly overlapping truncated pyramids, with their apexes closer to the viewer than their large bases (see also Fig. 3a) . As shown in the top view of part of this piece in Fig. 3a , the large bases of these truncated pyramids are farther than the small faces. The physical geometry of this art piece competes with the painted scene; namely, whereas the small faces of the physical objects (truncated pyramids) are closer to the viewer than the wide bases, the perspective cues in the painted scenery suggest that these small faces are the far walls in the horizon, i.e. they appear to be further away than the wide bases. As a result, this object elicits a bistable percept. In the veridical state, observers perceive the true physical 3-D geometry, while in the illusory state, observers perceive the depth that is suggested by the painted scenery, i.e. there is a reversal of depth. As a consequence of this depth reversal, the art piece appears to move vividly when observers move in front of it (Cook et al., 2002; Papathomas, 2002; Papathomas and Bono, 2004; Wade and Hughes, 1999) . There is evidence that the pictorial cues on the painted surface enhance the illusion (Papathomas, 2002) .
Termespheres. The second class of art pieces that exhibit pseudomotion is called 'Termespheres', created by South Dakota-based artist Dick Termes. Simplistically
